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[57] ABSTRACT 

Video records on a master tape are copied onto a 
slave tape which is put in contact with the master 
tape. The master tape includes a magnetic material 
the coercive force of which increases signi?cantly at 
low temperature, for example, Co-doped 'y-Fe2O3 or 
Fe3O4, and the slave tape includes a magnetic material 
the coercive force of which does not change signi? 
cantly. The video records on the master tape are made 
at room temperature or above, and then the copying 
process is practised at a low temperature, i.e., at 
which the coercive force of the master tape is 2.5 to 3 
times higher than that of the slave tape. Thus, high 
density records such as video records are effectively 
copied. 

1 Claim, 3 Drawing Figures 
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METHOD OF MAGNETIC CONTACT 
DUPIL'ICATION USING TEMPORARY REDUCTION 

IN COERCIVITY OF MASTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method of magnetic copy 

ing, particularly to a method for copying magnetic sig 
nals recorded on a magnetic recording tape. In detail, 
this invention relates to a method for copying video 
programs in which video signals recorded on a master 
tape having a high coercive force are copied onto a 
slave tape having a low coercive force by means of con 
tacting these tapes and then applying thereto an AC. 
magnetic field. Copying in accordance with the present 
invention is, of course, generally conducted with the 
magnetic layer of the master and the magnetic layer of 
the slave tape in face to face physical contact. 

2. Description of the Prior Art 
As a video tape, in general, there is used a tape hav 

ing a coercive force of about 300 oersteds and a rela 
tively smooth surface for recording signals in the fre 
quency range from 4 to 5 MHz. High density recording 
video tape, which has recently been used in video cas 
settes or video cartridges, has a coercive force of about 
500 oersteds so that its output of 5 MHz is increased by 
5 to 6 db in comparison with conventional tapes having 
a coercive force of 300 oersteds. 
The heretofore mentioned magnetic copying method‘ 

is used for copying video program onto a number of 
such video tapes. However, it is known that the master 
tape for this purpose has to have a coercive force of 2.5 
to 3 times than of the slave tape, that is, a tape having 
a coercive force of 800 to 900 oersteds must be used 
for magnetic copying onto a conventional video tape 
having a coercive force of 300 oersteds. Furthermore, 
in order to magnetize a tape having a coercive force of 
800 to 900 oersteds, it is impossible to use a conven 
tional video tape recorder and therefore a special video 
tape recorder must be used. 
Though it is desirable to use a high density video tape 

of 500 oersteds in order to obtain good picture quality 
in video records copied on a slave tape, it would be 
necessary to use a master tape having a coercive force 
of more than 1250 to 1500 oersteds according to the 
prior art. To magnetize such a high coercive force tape 
and record a video program thereonto, it would be nec 
essary to prepare a head material and bias current 
source which would produce an effective magnetic 
?eld of 3000 to 5000 gauss. However, it is extremely 
difficult to produce such a magnetic ?eld at a high fre 
quency of 4 to 5 MHz in accordance with the prior art, 
or a special tape recorder would be prohibitively ex 
pensive if it were possible to make such, and accord 
inglysuch a recorder will not be in practical use in the 
near future. 

SUMMARY OF THE INVENTION 

This invention was made with the intention of over. 
coming the above difficulties. 

It is, therefore, one object of this invention to provide 
a new method for copying video programs onto a mag 
netic tape having a coercive force of preferably 300 to 
500 oersteds. 

It is another object of this invention to provide a mas 
ter tape suitable for the copying of video signals onto 
a magnetic video tape having a coercive force of pref 
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2 
erably 300 to 500 oersteds, without the use of any spe 
cially prepared video tape recorder. 
Accordingly, it is a further object of this invention to 

provide a new method for the copying of magnetic high 
density records onto every type of magnetic recording 
medium. 
For these purposes, we the inventors turned our at 

tention to the fact that iron oxide ('y-Fe2O3 and Fe3O4) 
containing cobalt has a high coercive force, depending 
on the cobalt content, and the coercive force increases 
remarkably near 0°C. Applying this phenomenon, it is 
possible to use a video tape for recording at room tem 
perature or above, e.g., 30° to 50°C, so that the tape has 
a relatively low coercive force of preferably 300 to 500 
oersteds, and to use it for copying at a cooler tempera 
ture, e.g., below 10°C, so that it has a high coercive 
force of, e.g., 800 to 1300 or more oersteds. 
The copying process can be practised by means of us 

ing, e.g., 'y-Fe2O3 tape with coercive force(Hc) of 300 
oersted(Oe), CrOz tape with He of 400 to 500 Oe or an 
alloy tape with an Hc of more than 300 Oe as a slave 
tape and applying an AC. magnetic field thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the hysteresis curve (a) of a master tape 
having coercive force of 800 to 900 oersteds and the 
hysteresis curve (b) of a slave tape having a coercive 
force of 300 oersteds. 

FIG. 2 shows the temperature-coercive force relation 
of cobalt-doped 'y-Fe2O3. 

FIG. 3 is plot of coercive force versus the percentage 
of cobalt in a cobalt doped ferrite system with changes 
in temperature. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS OF THE INVENTION 

A magnetic tape of y-Fe2O3 containing 7.5% cobalt 
which is used as a master tape has a coercive force of 
800 oersteds at room temperature as shown in FIG. 1, 
and shows a coercive force of 550 oersteds at 50°C, 
1200 oersteds at 0°C, 1350 oersteds at -—10°C and 1780 
oersteds at —40°C, as shown in FIG. 2. 
We, the inventors, preformed the followingexperi 

ments using the combinations of the above master tape 
and one of three sorts of slave tapes: -y-Fe2O3 tape with 
a coercive force(Hc) of 300 oersteds(Oe); CrO2 tape 
with an Hc of 500 Oe and Fe~Co alloy tape with an Hc 
of 700 Oe. 
The Hc of the master tape is 800 Oe at room'temper 

ature, but at the time of copying at —40°C is about 1780 
Oe. This, of course, is about 2.5 times as great as that 
of the alloy slave tape Hc value of 700 Oe. 

In the experiments, in order to make a video record 
ing on the master tape, a video tape recorder for video 
cassettes enabling video recording onto a tape having 
coercive force of about 500 oersteds, such as CrOz 
tape, was used to make an inverted image recording, 
and a specially made video tape recorderfor master 
tapes having a coercive force of about 900 oersteds was 
also used. 
The copying process was practised according to the 

double-layer-take-up method, that is, the master tape 
and one of the slave tapes were contacted with other’s 
magnetizable face to magnetizable face and taken'up, 
keeping the double layer in contact onto a reel, and 
then an attenuating A.C. magnetic ?eld was applied‘ 
with an intensity twice that of the coercive force of the 



3,913,131 
3 

slave tape so as to perform copying. In order to exam 
ine the copying effects, the output of the slave tape at 
5 MHZ was measured in comparison with a standard in 
which the directly reproduced output of the 'y-Fezos 
tape was 0 db. . 

The measured datum is shown in the following Ta 
bles'. ' 

TABLE 1, 

(Video records were made with the 
‘use of VTR for cassette at 50°C) 

- copying copying copying copying 
slave tape at 25°C at 0°C at —10°C at ——40°C 

y-FezOu ——2 db —2 db —2 db —2 db 
(Hcz300 0e.) 
CrO2 —3 db* .+3 db +3.5 db +4.0 db 
(Hc:500 0e) 
Fe-Co alloy —10 db* —2 db* +5 db +6.0 db 
(Hc2700 Oe) 

‘( ln the case marked “, the output of the master tape was partially demagnetizcd.) 

7-Fe,0a tape: ferromagnetic -y<Fe2O; (avg. particle size 0.5 X 0.1 X 0.1 micron) 
used. (He ca. 300 Oe) 
CrO, tape: ferromagnetic CrOz (avg. particle size 0.6 X O.l X O.l micron) used. 
(He ca. 500 0c) 
Fc-Co alloy tape: ferromagnetic alloy particles obtained by the hydrogen reduction 
of the oxalate used. (He ca. 700 0c) 
Co doped 1~Fc,0,1 tape: Co (3 - 20 wt %) doped y-Fczoa used. (He ca. 800 Oe) 

Sec Japanese Patent Publication 5482. 1973. 

TABLE II 

(Video records were made with the use of ' 
a specially made VTR at room temperature) 

slave tape copying copying. copying 
at 0°C at ——l 0°C at —40°C 

'y-FeZOJ . —2.S db —2.3 db —2.0 db 
(Hc:300 0e) 
CrOz _ +4 db. +4 db +4~db 
(Hc:500 0e) 
Fe-Co alloy —2 db +5 db +6.0 db 

' (Hcz'IOO 0e) 

' ‘In addition, though we, the inventors, tried to prac 
tise copying at‘ room temperature according‘yto- the 
prior method onto a CrOz tape with an He of'500 oer-' 
steds and a Fe-Co tape of 700 oersteds, the master tape 
demanded a coercive force of 1250 to 1500 oersteds 
and 1750 to 2100 oersteds in these respective cases, 
and accordingly it was practically impossible to make 
video records on the‘ master tape. 
As apparent from the above description, it is possible 

according to this invention to use a slave tape having 
a high coercive force so that it is impossible to obtain 
a high copied video output from the slave tape. That is, 
the video output obtained from a copy tape according 
to this invention is 5 to 7 db higher than that obtained 
by prior methods. Thus, it should be apparent that this 
invention holds a remarkably high industrial value. 
Though the above description of this invention was 

given mainly for a master tape for copying a video tape, 
it is, of course,.possible.to use the copying method of 
this invention for the copying of high density records 
corresponding‘ to the record density of video tape, on 
magnetic tape, magnetic sheets or magnetic disks. 

Further, it will be seen by one skilled in the art that 
a great amount of discussion has been offered in the 
proceeding material on the temperatures used. In this 
regard, it must be appreciated that the most commonly 
used magnetic recording material support is polyethyl 
ene terephthalate, which has a ‘ heat transformation 
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4 
temperature of about 150°C. This is relatively low, and 
balancing this temperature against the substantive 
technical consideration of magnetic recording per» se, 
the recording of the magnetic material whose coercive. 
force increases as the temperature is lowered isprefer- A 
ably performed at a temperature of about 50°C or less, 
and the v“c0oled’” printing ispreferably performed ata 
temperature down to about .—40°C. In the range offrom. 
about —40°C to about 50°C, a material whose I-Ic 
changes greatly can be used as a master tape and a ma 
terial whose He does not change greatly can be used as 
a slave tape. 

It will be noted by one skilled in the artthat the‘ mas-. 
ter and slave tapes described above have been primar-‘ 
ily in terms of a rather limited coercive force‘ range, 
e.g., in the above the most commonly used coercive 
force range was from about 300 oersteds to about. 5001 
oersteds. This is the most preferred embodiment of the‘ 
present invention. However, the present invention is 
not limited to slave tapes having a coercive force (He) ' 
of about 300‘ to about 500 oersteds. , ' 

As a matter of fact,rrnany kinds of slave tapes can be 
used in the present invention. Representative of these‘ 
slave tapes are those which have coercive forces (I-Ic) 
as follows: 

Coercive force (He) 
(at room temp.) 

Ferromagnetic powder 

y‘Fezoa 200 — 400 Oe . 

F2203 200 — 400., Oe 
C1'O2 1 200 - 700 Oe 
Fe,Co‘.Ni, alloys . I . 

(e.g., combinations of Fe-Co. 
Fe-Ni, Ni~Co, Fe-Co-Ni) 200 — I500 Oe . 
Fe,Co,Ni alloys which contain 
P,B,N,C,Cu,Mn',Zn,Cr etc. ' 
plated or vacuum evaporated ' 200 - 1000 0e,“ , . 

Co-P. Co-Ni-P, Fe, Co, Fe-Co-Ni 

It will be seen that the lowest l-Ic value in the above 
is in the area of 200 Oe, but this is merely provided be 
cause it is a commercially practical low limitation on a 
tape which requires high recording density, such has a 
video tape. , _ » 

On the other hand, the higher Hc values are in the 
area of 4004500 Oe. Again, this is not a substantive 
limitation on the invention, rather, the upper value of 

i 1500 Co is near the maximum l-lc .value whichis easily 
obtained on a large commercial scale using available. 
modern techniques. It will thus be understood by one 
skilled in the art that the above values are not limita 
tive. The values presented in the above table are Hc ‘ 
values at room temperature. 

In a manner similar to the slave tapes, the master‘ 
tapes heretofore discussed in detail are only preferred 
master tapes used in the present invention. However, in . 
accordance with the essential concepts of the present 
invention, all ferromagnetic materials with a highjcoer 
cive force due to crystalline anisotropy can be used. 
Cobalt doped Fe3O4 or other such ferrite materials con 
taining other ferromagnetic'metals such asMn, Cr,.Cu; 
or Zn can be used with successin the present invention,‘ 
and according? to the crystal magnetic anisotropy due 
to the cobalt ions, they'generally have‘high He in ‘pro-1 
portion to the amount of cobalt added‘ (for example 
y-Fe2O3 or’ Fe3O4 at 20% Co (wt%, Co/Co+Fe), He is 
above about 1,000 0e; at 3% Co., He is about 750 Oe1 
(at 50°C)). However, this magnetic anisotropy tends to‘ 
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disappear at temperature areas as shown in FIG. 2. Ac 
cordingly, as will be clear from FIG. 2, any master tape 
which has the characteristic of a rapidly increasing Hc 
value at lower temperatures is preferred. 
Among such master tapes, most preferred are cobalt 

doped y-Fe2O3, cobalt doped Fe3O4 (which have a rela 
tively high magnetization strength per unit weight) 
which optionally can be substituted by Mn, Cu, Zn, etc. 

In addition to the above discussed cobalt doped fer‘ 
rites, Mn Bi, BaO~6 Fe2O3 and the like can be used as 
materials whose I-Ic value increases rapidly when the 
temperature is lowered. These are not, preferred, how 
ever, for their I-Ic value at room temperature is usually 
less than about 1200 Oe (a general recorder can record 
in this range, however). They can be used, however, 
with successas a master tape if the support is not a plas 
tic ?lm but a metal, such as aluminum. 
Thus, the invention is of general application to mas 

ter tapes whose He can be increased at the time of slave 
recording with varying the temperature, and the cobalt 
doped ferrites are only preferred amoung such materi 
als, and 'y-Fe2O3 or FeaO4 doped 3-20% cobalt, which 
can be substituted with P, B, N, C, Cu, Mn, Zn or Cr 
form a most preferred class, i.e., 3—20 wt% Co/Co+Fe. 
For example, such substituted materials as are contem 
plated in the present invention would usually be those 
wherein one part of the ferrite is substituted by one of 
these metals, for instance, Fe2O3 substituted with Cu to 
Fe2CuO3. 
The most preferred master tapes/slave tape combina 

tions used in the present invention are those where the 
Pic of the master tape is about 2.5 to about 3 times the 
Hc of the slave tape at slave tape printing. For example, 
with a slave tape of an Hc of 500 Oe one would not use 
a master tape of an Hc value of 1,100, but would gener 
ally use a value of about 1200 Oe (i about 50 0e is 
permissable in general with the 2.5-3.0 preferred dif 
ference). This range is selected considering the charac 
teristics of conventional slave tapes. For instance, a 
conventional video tape has an Hc of about 300 Oe, 
high density video tape has an Hc of about 500 Oe and 
super high density video tape has an I-Ic of about 1000 
Oe. All of these can be used in the present invention. 
To slave these tapes, a high I-Ic master tape is required, 
i.e., the master tape should have an Hc of about 2.5 to 
about 3 times as large as the Hc of the slave tape in 
volved, that is, 750 to 900 Oe, 1250 to 1500 Oe and 
2500 to 3000 Oe, respectively. Recorders can record 
these three kinds of tapes, though with an Hc of 1000 
modern equipment is required. 

In order to achieve best results in accordance with 
the present invention, it is highly preferred that the co 
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6 
ercivity of the master tape at slave copying by 20% 
greater or more than the coercivity of the master tape 
at initial recording. Needless to say, as one skilled in 
the art would appreciate, the general rule in this regard, 
within common sense limits, is the higher the coercivity 
change the better. 
Many master tapes which can be used in the present 

invention are disclosed in IEEE Transactions on Mag 
netics, Vol. MAG. 5, No. 3, pages 437 to 441 (1969) 
published by the Institute of Electrical and Electronic 
Engineers, Inc. A detailed discussion on the types of 
magnetic ?elds and the intensity as is used for master/ 
slave recording is provided in the article by H. Sugaya 
in this text, titled “Magnetic Tape Reproduction by 
Contact Printing at short Wave Lengths”. This'article 
applies fully to the present invention. 
While the invention has been described in detail and 

with reference to speci?c embodiments thereof, it will 
be apparent to one skilled in the art that various 
changes and modifications can be made therein with 
out departing from the spirit and scope thereof. 
What is claimed is: 
l. A method for copying magnetic signals on a high 

density video magnetic recording medium having a 
magnetic recording layer of a magnetic material, the 
coercive force of which is between the range of 200 
and 1500 oersteds and which is substantially constant 
with temperature, comprising: ~ 
making a master magnetic video record at room tem 
perature to about 50°C on a high density video 
magnetic recording medium having a magnetic re 
cording layer of magnetic material, the coercive 
force of which increases rapidly with decreasing 
temperature and has a value of between 2.5 and 3 
times the coercive force of the recording medium 
on which the high frequency magnetic signals are 
to be copied at a temperature down, to about 
—40°C, the increase in coercive force of the mag 
netic material of the master magnetic video record 
at -40°C being at least 20 percent greater than its 
coercive force at the temperature at which the 
master magnetic video record is made, cooling said 
master magnetic video record to a temperature 
down to about ——40°C, placing the video magnetic 
recording medium on which the high frequency 
magnetic signals are to be copied in contact with‘ 
said master magnetic video record, and subjecting 
the contacted recording medium and master re 
cord to a magnetic transfer ?eld so as to accom 
plish magnetic copying at said temperature. 

* * * * >l< 


